[Abstract] This protocol describes the expression, purification and crystallization of a ternary proteinprotein-RNA complex, consisting of the two RNA recognition motifs (RRMs) of Sex-lethal (Sxl), the first of five cold shock domains of Upstream-of-N-Ras (Unr), and an 18-nucleotide region of msl2 mRNA, called the F fragment (Hennig et al., 2014) . The biological role of the complex is the translational repression of msl2 mRNA, preventing the formation of the dosage compensation complex and subsequent 2-fold hypertranscription of X-linked genes in Drosophila females. As orthologous RRMcontaining proteins and Unr exist in humans, similar complexes potentially also form during translational repression in vertebrates. The protocol describes the in vitro assembly of the complex and its purification followed by crystallization for X-ray crystallography structure determination. Part of the protocol has been published elsewhere (Hennig et al., 2013 and 2014) , but some parts are described here in more detail.
to Sxlor Unrwith a TEV-cleavage site (see Figure 1) ] were transformed into the Escherichia coli strain Bl21 (DE3), using heat shock for 2 min at 42 °C. The expression is efficient and likely other expression strains will also work. Also, the expression of both constructs is highly reproducible. Each time more proteins were needed a fresh transformation has been performed.
2. For large-scale protein production one overnight culture of 50 ml LB medium with 33 µg/ml
Kanamycin was inoculated with a single colony of each transformation plate (Sxl and Unr). The cultures were incubated at 37 °C and 220 rpm for around 16 h.
3. Afterwards, 1 L LB medium with 33 µg/ml Kanamycin, divided into two 2 L Erlenmeyer flasks (500 ml each), was inoculated with 2 ml of the overnight culture (ratio 1:250) and further incubated at 37 °C and 220 rpm.
4. Upon reaching an optical density (OD600nm) between 0.8-1 (after approximately 3-4 h), the protein production was induced by addition of IPTG to a final concentration of 1 mM. After induction, the cultures were incubated at 20 °C and 220 rpm for 16 h.
5
. The cells were then harvested at 3,000 x g for 30 min at 4 °C.
6. The cell pellets were resuspended in 45 ml lysis buffer and transferred to a 50 ml tube before sonication for 5 min (1 sec intervals, microtip) on ice.
7. Cell debris was pelleted by centrifugation for 30 min at 5,000 x g and 4 °C.
8. The supernatant, containing overexpressed Sxl or Unr was filtered through a 0.22 µm filter before purification. b. After addition of the supernatant, the column was washed with 10 CVs of lysis buffer, 10
CVs of wash buffer A, and 10 CVs of wash buffer B.
c. Sxl was eluted with 5 CVs of elution buffer in 2 ml fractions, and most of the protein is in the first two fractions (see Figure 2A ).
d. The His6-thioredoxin-tag was then cleaved off with 1 mg TEV protease and 10 mM β-mercaptoethanol during dialysis of the entire elution volume (10 ml with around 3 mg/ml protein concentration) against 4 L of wash buffer B overnight, using a 1.1 ml/cm dialysis tube with a 10 kDa cut-off (removing excess imidazole and β-mercaptoethanol).
e. The tag was then separated from Sxl by using a second Ni-NTA column equilibrated with 10 CVs in wash buffer B. The flow-through, containing Sxl was collected and applied a second time on the Ni-NTA column, where again the flow-through was collected (see Figure   2B ).
f. The flow-through was then dialyzed overnight against NMR buffer in a 1.1 ml/cm dialysis tube with 10 kDa cut-off.
g. Sxl was further purified, using size-exclusion chromatography on a SuperdexS75 HiLoad 26/600 gel filtration column equilibrated with 4 CVs in running buffer. The flow rate of running buffer during purification was 0.5 ml/min. Three wavelengths (190 nm, 215 nm, and 280 nm)
were used to monitor the protein elution profile.
h. Sxl containing fractions (2 ml fractions were collected in an automated fashion in 96-well plate format) were pooled and 10 mM DTT, 0.02% sodium azide were added. The usual yield was around 30 mg per liter expression medium.
i. Sxl was then used to prepare the ternary complex (see section C). through. Each elution fraction (elution 1 to 5 in gel legend) was 2 ml. B. SDS-PAGE gel of the second Ni-NTA column purification of Sxl using the same marker.
Purification of Unr-CSD1
a. See steps a-e in section B1. These steps are identical except that a dialysis tube with a 3.5 kDa cut-off is used for Unr-CSD1 (see Figure 3) . b. Unr-CSD1 binds strongly to bacterial nucleic acids, which need to be separated. To do this, ammonium sulfate precipitation was used. The 10 ml flow through from the second Ni-NTA, containing Unr-CSD1 was filled into a 100 ml beaker with a magnetic stirrer. The volume was increased to 20 ml with wash buffer B.
c. While stirring (around 150 rpm), ammonium sulfate was added. In a first step directly 70 g were added. The solubility of ammonium sulfate is 74.4 g/100 ml at 20 °C. After addition and dissolving of ammonium sulfate the volume increases almost to 100 ml (important to consider when choosing the beaker size).
d. More ammonium sulfate was added step-wise (the amount per step is not critical but large excess above the solubility limit given above should be avoided to prevent longer and/or repeated dialysis and/or larger dialysis volume), until the solution got milky and ammonium sulfate was not further dissolvable, indicative of saturation.
e. The solution was filled into SS34 centrifugation tubes and centrifuged at 20,000 x g for 20 min at 4 °C. The supernatant was discarded and the pellet was resuspended in 10 ml of NMR buffer (the ammonium sulfate precipitation is also useful for changing the pH from pH 8 during Ni-NTA purification via pI 7.8 to the pH 6 of the NMR buffer).
Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC.
6 www.bio-protocol.org/e1917 Vol 6, Iss 17, Sep 05, 2016
f. Unr-CSD1 was now dialyzed overnight against 4 L NMR buffer in a 1.1 ml/cm dialysis tube with a 3.5 kDa cut-off.
g. Followed by further purification, using size-exclusion chromatography on a SuperdexS75
HiLoad 26/600 gel filtration column equilibrated with 4 CVs in running buffer. The flow rate of running buffer during purification was 0.5 ml/min. Three wavelengths (190 nm, 215 nm, and 280 nm) were used to monitor the protein elution profile.
h. Unr-CSD1 containing fractions (2 ml fractions were collected in an automated fashion in 96-well plate format) were pooled and 10 mM DTT, 0.02% sodium azide were added. The usual yield was around 15 mg per liter expression medium.
i. Unr-CSD1 was then used to prepare the ternary complex (see section C).
C. Assembly and purification of the ternary Sxl-Unr-msl2 mRNA complex 1. Both, Sxl and Unr-CSD1 solutions were diluted with NMR buffer to around 20 µM and mixed to an equimolar ratio (at higher concentrations > 100 µM precipitation has been observed).
2. The 18-mer RNA (see Materials and Reagents) was then added in a 1:1.1 excess (protein: RNA).
The order of complex assembly is important as Sxl without Unr-CSD1 tends to precipitate upon addition of RNA longer than 10 nucleotides.
3. The complex solution was then concentrated down to a volume of 3 ml using a 3 kDa cut-off concentrator.
4. Size-exclusion chromatography was used using a SuperdexS75 HiLoad 26/600 gel filtration column in running buffer to remove possible excess of single components. Right-angle light scattering was used to assess the molecular weight of the complex (see Figure 4 ). All steps can be performed at room temperature except centrifugation which should be done at 4 °C, to avoid heating and precipitation of the sample. is shown as a green line. From this data, the molecular weight of the complex was calculated to 36 kDa.
5. Fractions containing the complex were pooled and 10 mM DTT were added.
